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\‘with a deeper (approximately 100-ft-deep) water-filled cavity system. Results
- of field studies at the Medford Cave site are presented in this report:

. (a) the site geology, (b) the site topographic survey, (c) the site drilling
b program (boreholes for geophysical tests, for determination of a detailed

L geological cross section, and for verification of geophysical anomalies),

: (d) details of magnetic and microgravimetric surveys, and (e) correlation

. of geophysical results with known site geology..

AN <,
M PR
\

»
KT A

-

e - Although some correlation was observed at the Medford Cave site between
magnetic anomalies and other geophysical anomalies and with geological condi-
tions revealed by drilling, the magnetic survey 'in general did not yield re-

e sults which were of value in defining this site. The microgravimetric survey,
B however, was extremely successful. The known cavity system was delineated as

y to locations and trends of cavities by the gravity anomaly maps. Six selected
! negative gravity anomaly features, in areas of the site with previously unknown
.o subsurface conditions, were drilled for verification purposes, and all borings

intercepted air- or clay-filled cavities or clay- or sand-filled pockets in the
top of the limestone. Of 11-borings in positive gravity anomaly areas, only
three intercepted cavities. The cavity system was adequately detected and de-
lineated using a 20-ft station spacing. A station spacing of 10 ft allowed
detection of smaller scale cavities and other solution features in the top of
the limestone.

Using simple assumed models for the cavities, computed depths to tops of
cavities agree to better than 25 percent, thicknesses to better than 40 per-
cent, and areal extent of cavities to better than 15 percent of known cavity
dimensions. These percentages are completely model-dependent and in no way
reflect the accuracy of the survey or the microgravimetric technique.

"-Qual1tat1ve interpretation guidelines using complementary geophysical
techniques for site investigations in karst regions are presented. Including
the results of electrical resistivity surveys conducted at the Medford Cave
site, the qualitative guidelines are applied to four profile lines, and dril-
ling locations are indicated on the profile plots of gravity, magnetic, and
electrical resistivity data. Borehole logs are then presented for compatlson
with the predictions of the qualitative interpretation guidelines. -
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This investigation was performed by personnel of the Earthquake

Engineering and Geophysics Division (EEGD), Geotechnical Laboratory (GL),
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U. S. Army Engineer Waterways Experiment Station (WES), for the Office,
Chief of Engineers (OCE), U. S. Army, during the period May 1979 to
November 1980. The investigation was part of CWIS Work Unit No. 31150,
"Remote Delineation of Cavities and Discontinuities.”

This report was prepared by Mr. Dwain K. Butler, EEGD. The field

work described in this report was performed by Messrs. Butler, Joseph R.

Curro, Jr., and Rodney N. Walters, EEGD, and was closely coordinated

with other studies at this site conducted under this same work unit,

work carried out under an In-House Laboratory Independent Research N
(ILIR) Project, "Microgravimetric Techniques for Geotechnical Applica- 12155
tion," and the Project 4A161102AT22, Work Unit 002/Q6, "Analytical and ;ﬁi;;

Data Processing Techniques for Interpretation of Geophysical Properties."
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Assistance with field programs at the Medford Cave site was pro-

vided by Messrs. J. D. Gammage, William Stelz, Bill Wisner, and
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Dr. Robert Ho of the Florida Department of Transportation, Gainesville, Ejif
Fla. Assistance of personnel of Southwest Research Institute, San
Antonio, Tex., in obtaining cavity and site maps, supplying information
about their previous work at the site, and other assistance throughout

this investigation is gratefully acknowledged. Mr. William D. Reves, g;j‘~-
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Ocala, Fla., served as geological consultant for the work, assisted in
core logging, and prepared Appendix A of this report.
Special acknowledgement is given to Professor Robert Neumann and

the Compagnie Generale de Geophysique (CGG), Massy, France. Profes-

" sor Neumann provided encouragement and assistance throughout the program.
Q In July 1979, Mr. Butler visited Professor Neumann with data from the
; microgravity survey at the Medford site. Professor Neumann, Mr. Jacques

Regnaudin, and other colleagues at CGG assisted in the data processing

and preparation of anomaly maps and documented their contributions in a
letter report under Contract Agreement DAJA 37-79-M-0027.
A Sharpe Magnetometer, Model MF1-100, was obtained on loan from
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ﬁhe Department of Geophysics, Texas A&M University, for use during this
work. Also, a LaCoste and Romberg Gravimeter, Model D4, was loaned to
WES by the U. S. Army Engineer District, Seattle.

The work was performed under the direct supervision of Dr. A. G.
Franklin, Chief, EEGD, and the general supervision of Dr. W. F.
Marcuson III, Chief, GL. Mr. Paul Fisher was the OCE Point of Contact
for the CWIS work, and Mr. Curro was the WES Principal Investigator for
the Work Unit.

Commanders and Directors of WES during the performance of this
work and publication of this report were COL Nelson P. Conover, CE, and

COL Tilford C. Creel, CE. Mr. Fred R. Brown was Technical Director.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
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U. S. customary units of measurement used in this report may be

converted to metric (SI) units as follows:

Multiply By To Obtain

acres 4046.873 square metres
feet 0.3048 metres
feet per mile 0.18939 metres per kilometre
inches 2.54 centimetres
miles (U. S. statute) 1.609347 kilometres
pounds (mass) per 16.01846 kilograms per cubic

cubic foot - metre
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CAVITY DETECTION AND DELINEATION RESEARCH

MICROGRAVIMETRIC AND MAGNETIC SURVEYS:
MEDFORD CAVE SITE, FLORIDA

PART I: INTRODUCTION

Background

1. In 1974, a research program, funded by the Office, Chief of
Engineers (OCE), U. S. Army, was initiated at the U. S. Army Engineer

Waterways Experiment Station (WES) with the objectives of assessing
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c.

the state of the art in geophysical cavity detection and delineation
methodology and developing new methods and improving or adapting old
methods for application to cavity detection and delineation. Briefly,

the primary phases of the research effort are listed below:

In 1976, a controlled test facility was constructed at WES,
and a number of artificial (man-made) cavities were made
available for testing and evaluating geophysical survey
methods. Results of geophysical tests conducted at the
facility and details of the facility itself are reported
by Butler and Murphy (1980).

The Symposium of Detection of Subsurface Cavities was held
at WES in July 1977 (Butler 1977). The Symposium reviewed
the state of the art and attempted to define the scope of
the problems faced by Corps of Engineers Districts and
Divisions at major construction projects in areas with
subsurface cavities, primarily areas with solution sus-
ceptible bedrock.

Early in 1979, two natural field sites in karstic regions,
for which cave maps were available, were selected for
testing and evaluating geophysical methods. The first
site, Medford Cave, in Marion County, Fla., has a rela-
tively shallow (approximately 10 to 50 ft or 3 to 15 m)¥*

* In many instances, metric units follow the English units parentheti-
cally and dual axis units are included in graphs. By convention, the
gamma (y) is used as the unit of magnetic field strength, and the
HGal is used as the unit of gravitational acceleration in microgravi-
metric surveying; these units are defined in the text. Also, the unit

grams per cubic centimetre for density is used throughout the report.

A table of factors for converting U. S. customary units of measure-
ment to metric (SI) units is presented on page 4.

5
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§w air-filled cavity system. The second site, Manatee
o Springs, in Levy County, Fla., has a somewhat deeper (ap-
< proximately 100 ft or 30 m) water-filled cavity system.
{ In addition to the known and mapped cavity systems, both o
s sites have additional cavities and other solution features L
3 common to karst regions. R
:ﬁ 2. This report documents results and presents conclusions derived :ffju
;: from analyses of microgravity and magnetic survey data obtained at the ::i.“
Medford Cave site. In addition to the microgravimetric and magnetic ‘
k surveys, numerous additional geophysical methods have been applied at v
2 the site, including the following: 5
S} a. Seismic methods.
s (1) Standard surface seismic refraction.
jﬁ (2) Surface shear wave refraction.
5 (3) Constant spacing refracted wave form (Curro, Cooper,
o and Ballard 1980).
&: (4) Surface seismic reflection.
QJ (5) Crosshole seismic method (Ballard 1976 and Butler,
Ty Skogland, and Landers 1978).
L
o (6) Uphole seismic refraction (Franklin 1980).
o (7) Fan "shooting" (circular arc geometry).
- b. Electrical resistivity.
?é (1) Horizontal profiling (Wenner array) to produce site
> resistivity countour map.
f (2) Vertical sounding (Wenner array).
(3) Pole-dipole survey (Bristow-Bates method; Bates 1973
N and Butler and Murphy 1980).
é:: c. Acoustic reasonance (subsurface source) (Cooper and
- Bieganousky 1978, and Curro, Cooper, and Ballard 1980).
;f d. Electromagnetic methods (radar). -
(1) Surface radar horizontal reflection profiling —
(approximately 100 MHz). K
(2) Crosshole radar vertical profiling. f
e. Borehole geophysical logging. ,g~::
. (1) Caliper. o ]
e (2) Natural gamma. G
S
-
= ¢
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b
(3) Gamma-gamma.
(4) Neutron. ;
Results of these additional geophysical surveys will be presented in F
. 4
subsequent reports in this series. R
Purpose ';f;

3. The purposes of this investigation were to (a) determine A
whether surface microgravity and magnetic surveys would indentify &33

anomaly patterns consistent with known cavity geometry, (b) investigate

the use of the methods to detect previously unknown cavity or other solu-
tion features at the site, and (c) determine size and depth detectabil-
ity of solution features and ability of the methods to resolve closely
spaced features. .

4. While this report covers specifically the field procedures and
results of the microgravimetric and magnetic surveys at the Medford site,
reference to the results of other surveys at the site will be made,
where appropriate, without detailed discussion of the field procedures
or results of the other surveys, leaving detailed discussions to subse-

quent reports.

Scope

5. Part II of this report discusses the Medford Cave site, in-

cluding area geology, site geology, the known cave system, and the site

drilling program. Part III describes the magnetic survey and results,

and Part IV describes the microgravimetric survey and results. Correla- if'*
. . et
tions of the microgravimetric and magnetic results with each other and .
RN
with known geology and the results of the site drilling program are pre- Qﬁjq
sented in Part V. Part VI contains the summary and conclusions. f;ﬁi
SO

o
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PART II: THE MEDFORD CAVE SITE

Location

6. Medford Cave (or Medford's Cave) is located in Marion County,
Fla., about 1 mile south of Reddick. The location of Medford Cave as
well as the Manatee Springs test site is shown in Figure 1. A portion
of the U. S. Geological Survey Reddick Quadrangle (1968) is shown in
Figure 2, with the approximate site location indicated. Figure 3 is an
aerial photograph of the Medford Cave site (circa 1974); the main en-
trance to the cave system is hidden in the cluster of trees in the

center of the photograph.

History of Site Use

7. The Medford Cave is located on land formerly part of the Med-
ford Plantation. Apparently, the cave system has been known at least
since the time the plantation was in operation, and stories are told of
people being lost in the cave and of people entering and then emerging
at sinkholes 1 and 2 miles away. A steel ladder was installed in the
primary entrance (Figure 4) reportedly in the 1940's, and the cave
has been a popular excursion site for people in the vicinity and for
speleological groups. The land around the site has been used for both
vegetable farming and livestock grazing.

8. Scientific use of the site began in the early 1970's when the
Southwest Research Institute (SwRI), San Antonio, Tex., with the assis-
tance of the Florida Department of Transportation, Gainesville, selected
the site for evaluation of three geophysical methods for cavity/tunnel
detection (Fountain, Herzig, and Owen 1975). In addition to mapping the
cavity system, the investigators conducted a standard gravity survey, a
surface ground-penetrating "radar" survey (electromagnetic survey), and
resistivity surveys. All of the methods were only moderately successful
at the site, with the results of the pole-dipole resistivity surveys

considered the most definitive. The radar method was apparently limited
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Figure 2.
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Aerial photograph of Medford Cave site
11

Figure 3.
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to detection depths shallower than about 15 ft (4.5 m). The gravity =
survey results did not correlate very well with the known cavity system,
indicating anomalies which were close but not directly over the largest { .
of the cavity rooms. Only three verification borings were placed at the Eifj

site, with each boring in an area where at least two of the methods in-

dicated anomalies. However, all three borings encountered only solid .
material to depths of 32 to 52 ft (9.8 to 15.8 m). )
9. WES personnel visited the site in early 1979 on a tour of

several candidate sites for use in the cavity detection and delineation

ol research program. Several factors contributed to the selection of the R
“ Medford Cave as the first of two test sites planned under the program: r‘d
A cavity system almost entirely air-filled. '%u}
Easy site access.

Gently sloping topography.

Wide range of cavity sizes. f5

I i in o i

Known portion of cavity system shallow, but with a good
range of cavity depths.

i

Cavity system presumably well-mapped.

g- Available results of previous geophysical tests at the
site.

The Florida Department of Transportation agreed to obtain site use

approval and to assist in the test program, which began in May 1979.
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Geology

L

Eiff Area geology
be 10. The Medford Cave site is situated near the east-central flank
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of the Ocala Uplift, a northwest-southeast trending "anticlinal struc-
ture" (Faulkner 1970). Although the Ocala Uplift is apparently bounded
;ia by faults, the area is considered tectonically stable. The primary

ti‘i active geological process affecting the area is solutioning of lime- (]

stones and dolomites to produce karst topography with little surface

drainage, development of subsurface cavities, sinkhole formation, etc.

P Local relief in the area is about 110 ft (34 m) and consists of gently

13 o
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rolling hills and valleys. Generally the hills are capped by only a few k'isé
feet of sands and clays over limestone. The shallow depth to top of :'Ciﬁ
limestone has resulted in many limestone quarries in the area. Exten- ;i;;i
sive cave systems with attendant sinkhole formation are commonly asso- :ilj}
ciated with the hills and higher limestone elevations. The general geol- Zif}i
ogy of the area and of the Medford Cave site in particular is covered :fffﬁ
in Appendix A. ii“‘l
Site geology R
11. The general sequence of materials at the Medford Cave site is :: fi

sand (with silt, clay, and organic material), clay (may or may not be -Q?il
present at a given location), and limestone. Typically, the sand ranges =i~¢4
from nearly 0 to about 4 ft in thickness. The clay (residual) occurs ..£‘3
primarly in pockets in the limestone surface. Figure 5 shows a cut at a ;:L?g
e

>

.

.

]

IR Ak}
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Figure 5. Vertical cut showing limestone pinnacles and
clay pockets in quarry near the Medford Cave site

T
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'—’5 nearby limestone quarry (located approximately 1 mile east of the site)

F? showing a pinnacled limestone surface with clay filling the pockets -

:42 between the pinnacles; the top of the limestone at the Medford Cave site ;?*3
ﬂEE is similarly pinnacled (shown in the next section). Two limestone ]
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formations are encountered at the site. The basal limestone member of
the Hawthorne Formation (Miocene) is a hard, molluscan limestone (about
3.5 ft thick) which partially "caps" the hill under which the Medford
Cave system is developed. The Crystal River Formation (formerly known
as the Ocala Limestone) of the Ocala Group of limestones (Eocene), which
unconformably underlies the Hawthorne Formation, is a soft to very soft,
friable limestone. (In many instances, the Crystal River Limestone is
composed almost entirely of test of foraminifera and could be classed

as a microcoquina.) The known portions of the Medford Cave system are

developed in the Crystal River Formation.

The Medford Cave System

12. Figure 6 is the map of the Medford Cave system produced
through the joint efforts of SwRI and the Florida Department of Trans-
portation. Note the two portions of the cavity sytem; while connection
between the two portions is suggested, no direct connection has been
confirmed. Access to various parts of the system is by openings in the
bottom or sides of three of the four sinks at the site, such as the Pri-
mary Entrance shown in Figure 4. Depths to top of the cave system range
from 10 ft (3 m) to as much as 50 ft (15 m). Segments of the cavity
system vary in size up to a mean cross-section diameter of about 20 ft
(6 m). Two of the larger rooms of the system have unobstructed lengths
of 50 ft (15 m) or greater. The cavity system is air-filled with the
top of the water table about 66 ft (20 m) deeper than the deepest mapped
cave level.

13. There are two major trends to the main part of the cavity
system: N45°W and N70°E. A third trend, N45°E, is defined by a line

passing through three of the sinks.* The first trend above is approxi-

mately parallel to the axis of the Ocala Uplift. The second trend is

Ty

roughly the same as a mapped fracture (joint) trend through the Big Room.

e

y

-

- * A small sink located about 100 ft (30 m) to the southwest of the
o Secondary Entrance is not shown in Figure 6a.
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These observations are consistent with the general observation that
cavity systems in Florida tend to develop along fracture (joint) trends
(Faulkner 1970).

14. The Medford Cave system is young and ha; no cave formation,
although some limestone surfaces have a very thin calcite coating.
There are petromorphs in the form of chert protrusions from the cave
walls, and there are large breakdowns or roof falls. Figures 7 and 8

show the Entrance Room and the Big Room and some of the breakdowns.

Figure 7. Entrance Room, Medford Cave

Figure 8. Big Room, Medford Cave
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Site Grid System and Topographic Survey

— e o]

15. In planning the site grid system, use was made of a surface _‘. y
benchmark established by the SwRI in their work at the site and also of j?jfﬁg
the center of the top rung of the steel ladder in the Primary Entrance. iﬁ'ii?
These references allow the present grid sysiem to "tie-in” to the sub- :fﬁ%lﬁ
surface map in Figure 6. Also, it will be possible to correlate survey biir—d

results with the results of SwRI work at the site if desired. _
16. The basic grid system established consisted of N-S and E-W T 3i;f
lines with survey reference markers every 20 ft (6.1 m). Over a sub- A
stantial portion of the site, intermediate positions were also lccated
(i.e., every 10 ft or 3 m). At every survey position a 2- by 2- by
12-in. wooden stake was driven flush with the ground surface, and every
20 ft an offset reference survey stake was placed and labeled with north
and west coordinate locations. Station (0,0) is the southeastern corner

of the survey grid, and station (260,260) is the northwestern corner,

where the first number is the north coordinate and the second number is
the west coordinate in feet relative to point (0,0). The survey area is
6.76 x 10°

relative to the cavity system. The four easternmost N-S survey lines as

ft2 (6280 m2)_or 1.55 acres. Figure 9 shows the survey grid

well as the northernmost E-W survey line were set with transit and tape
with great care. The remainder of the grid was established with tapes

and chaining pins in the usual manner.

17. Station (0,0) was assigned a reference elevation of 150 ft.

The relative elevation of the top of each of the 2- by 2-in. stakes was

determined to 0.01 ft (3 mm) by a level survey. Closure error for the ‘k;_»;i
entire survey was 0.04 ft. Figure 10 is the resulting topographic map - @
for the site, with a contour interval of 1 ft. Although contours are

drawn within the Entrance Sink and Dump Sink, the actual elevations are

not well defined in the sinks. The topography approximates an inclined

plane dipping from NW to SE. The grid layout and topographic survey

required about three days for a two-man crew.
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Drilling Program R

(| Drilling phases o

18. Drilling at the site was accomplished in three phases and for

different objectives. The initial phase of drilling consisted of bor-

{é ings C1 through C9 and L1 through L3, and the primary objective of this
) phase was to obtain boreholes for subsurface geophysical survey methods;
a secondary objective was geologic information. The second phase of
drilling consisted of borings El1 through E16 and the objective was to iiiﬁi
obtain a detailed geologic cross section along a N-S line at the site. {Jég
Borings E1 through E16 were typically 15 to 32 ft (4.5 to 10 m) in depth ji““‘
and spaced every 10 ft (3 m) along the 80 W line. Borings E17 through
E25, the third phase, were verification borings placed to investigate

geophysical anomalies. Figure 11 shows the locations of all the borings.

. - ‘e
LT S R TY

Results ;‘ :

19. All borings except C4, C7, and C8 were cored and logged in o
detail. The core logs are presented in Appendix B. At boring C7, soil
samples were obtained and Figure 12 presents the results of density and
water content tests on those samples. Figure 13 presents the air-dried

densities of limestone samples from boring C6. Note that in the 30- to

40-ft (9 to 12 m) depth range, either cavities or soft zones were en-
countered in borings C6 through C9. Ll

20. Specific boring logs from the verification phase of drilling P
are presented and discussed in connection with the results of the geo- '
physical surveys. Results of the second phase of drilling (E1 through

E16) were used to prepare the detailed geologic cross section shown in

Figure 14. Note the limestone pinnacles and clay pockets in the north-

ern portion of the section, similar to those shown in Figure 5. Zones

of chert, commonly with large limestone-filled porosity, as much as

1.5 ft thick were encountered in several borings, and the chert commonly

ki AR AP
. 1t
N .

T &

occurs just above a cavity or zone with little or no core recovery.
Five definite tool drops occurred along the section, the largest being

about 3 ft, although numerous zones were encountered where the rock was

22
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very soft and little or no core was recovered.

zones may have been clay-filled cavities.

Some of these very soft
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PART III: MAGNETIC SURVEY

Basic Principles

21. Magnetic surveying is a potential field method* in which com-
ponents of the earth's magnetic field are measured. The presence of
magnetic materials in the subsurface perturb or produce anomalies in the
measured field. For cavity detection and delineation, the primary appli-
cation is hypothesized to be for clay-filled sinks or clay pockets and
for clay-filled cavities, because clays typically have a higher magnetic
susceptibility than the host carbonate rocks (McDowell 1975, Burton and
Maton 1975). The presence of an air-filled cavity in limestone would
itself produce an immeasurable small anomaly. Of course, the presence
of ferrous metal objects will produce large magnetic anomalies and their
presence at a site may interfere with successfully carrying out a mag-
netic survey.

22. It is beyond the scope of this report to present an extensive
review of the magnetic method (see Telford et al. 1976), and since the
application discussed here is entirely qualitative, such a review is
unnecessary. The units used in magnetic surveying are the gamma (Y),
where 1 y = 10-5 oersteds . For reference, the strength of the earth's
main dipolar field is about 0.5 oersteds or 50,000 y. Since clays gen-
erally have higher susceptibility than limestones, a clay-filled cavity
should produce a magnetic high (positive anomaly relative to the back-
ground level, i.e., the strength of the earth's field at the site). In
the northern hemisphere, the center of the positive anomaly will be
shifted to the south of the cause of the anomaly and will be accompanied
by a flanking magnetic low displaced to the north (McDowell 1975; Dear-
man, Baynes, and Pearson 1977; Hooper and McDowell 1977; and Telford

* The potential field geophysical methods, primarily the gravimetric
and magnetic methods, are passive (i.e., do not require energy sources
of any kind) and measure components of force fields due to the densi-
ties and magnetic properties of subsurface materials (Butler 1980 and
Telford et al. 1976).
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) 2
: et al. 1976). The magnitude of the flanking lows relative to the mag- l‘
nitude of the highs will depend on the geometry of the anomalous feature ]

o

and may be absent entirely. For sites with clays generally present over . 4

the entire site, the absence of clay in a given area might result in a .‘.,-‘:;

relative magnetic low anomaly. This could occur, for example, when a _’"_-'i‘,:_.j::
limestone pinnacle extends above the clay zone. A clay-pocket (grike) '

or clay-filled cavity will likely be very difficult to detect magnet- ﬁ

ically if its dimensions are less than the depth of burial. - .:jf

RS

Survey Procedure '

#«J

23. The survey was conducted with a hand-held fluxgate magnetom- L

eter (Sharpe MF1-100). The instrument is sensitive to the vertical com-

ponent of the field and thus must be leveled while making measurements. "-;:

Data acquired with the instrument are relative in that the zero-level is f‘:
adjustable. Accuracy of the instrument is probably about *20 y, al- o]

though the scale chosen for conducting the survey could only be read to ":..'7’;‘;

about the nearest 50 y. Data was acquired for the most part at 10-ft g

(3 m) intervals along N-S profile lines separated by 20 ft (6.1 m) in the EC R

E-W direction, for a total of about 250 stations. Base stations at the ‘ i
beginning of each profile were reoccupied about every 30 min, but no : 5
'7.: diurnal variation or drift was observed during the survey. The entire , A_j“
_ survey required about 8 man-hr over a 2-day period. The only data re- i:‘k;
- duction applied to the data was the subtraction of a constant background s _<
E field value. ;
¢ e
2 Results :...._..—-1
™ RRNER
f 24. Figure 15 is a simplified contour map of the data from the "
::.: magnetic survey. In some areas of the site, the data vary somewhat er- 1‘
: ratically and could not be meaningfully contoured. In these areas the i Eh
S variation is generally in the range of -50 y to +50 y. Thus the map in W
1:_:: Figure 15 shows contours only in areas where a consistent trend in the ﬁ;
{ data defines relatively smooth contours. In Part V, magnetic profiles
& 29 gl
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Figure 15. Magnetic survey contour map, Medford Cave site

which include all the data will be presented for comparison with micro-
gravimetric profiles and geology.

25. Several positive and negative anomalies are defined in Fig-
ure 15. The only anomaly which can be readily explained is the large
positive about the Entrance Sink, which is due to the presence of the
iron ladder in the sink opening. Although the maximum contour shown is
+200 y, the value observed directly over the ladder is +1700 y. It is
possible that the large-area negative anomaly north and east of the
Entrance Sink is a flanking low due to the ladder, although this cannot

be confirmed. The large magnetic low to the north and east of the Dump
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Sink is difficult to explain. Although there is metal in the Dump Sink
itself, no positive values are observed even on the edge of the sink. '
Likewise the negative centered at (160,40) is of unknown origin. The ‘O_
highs (positive) located at (80,0), (115,0), and (260,0) are of the type ?
expected for clay-filled cavities and pockets. ?f;
26. In summary, the magnetic survey results do not appear to re-

veal anomaly patterns which correlate with known cavity conditions in

. any way (except for the iron ladder in the Entrance Sink). Individual

5 magnetic profile lines are compared to microgravimetric and resistivity '*2'1
.i results and to known geologic conditions in Part V. ) )
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PART IV: MICROGRAVIMETRIC SURVEY

Basic Principles

27. The gravity method involves relative measurements of the
vertical component of the earth's gravitational acceleration. Gravity
anomalies occur when lateral density contrasts are present in the sub-
surface. Like the magnetic method, gravimetry is a potential field
method. Microgravemetry refers to high-precision, high-accuracy, and
in the present context, to high-resolution applications of the gravity
method. Useful references for geotechnical application